The long-term dynamics of phytoplankton, zooplankton and macrozoobenthos of the Balkhash Lake is studied under variability of global (Global dT, the indices NAO, ALPI) and regional climatic factors. The lake communities showed varying degrees of accordance with long-term dynamics of global climate indices in ongoing climate warming. Inter-annual cyclic variability of phytoplankton and zooplankton was aligned, to a large extent, with the index NAO, which likewise changes in cycles. Mainly biotic interactions caused a sharp increase in biomass of macrozoobenthos in the last decades and a simultaneous sharp decline in phytoplankton biomass. The impact of global climatic factors on regional factors, i.e. water level and salinity, caused the inter-annual variability of biotic communities in the lake. We revealed statistically significant correlation between the water level of the Balkhash Lake and the long-term dynamics of communities.
Introduction
The ongoing climate changes have a profound impact on oceanic, marine [33] and freshwater ecosystems [7] . Changes in water temperature, oxygen level, carbon dynamics, distribution of pollutants affect the distribution of species [25] , diversity and community structure [14; 47] , and biological productivity of the oceans and seas [19; 29] .
Climate indices, which form an integral characteristic of the weather conditions on the scale of the Earth, a hemisphere or a particular region, are used for producing characteristics of long-term climate change.
One of the most important climatic factors is temperature. Its growth on a scale of the Earth is reflected in the Global dT index.
The leading factor in weather and climate variability in the Northern Hemisphere is the North Atlantic Oscillation, the NAO [16] . The NAO index is defined as the difference in pressure above sea level between Iceland (Reykjavik) and the Azores (Ponta Delgada). NAO coefficients have been measured since 1865. The NAO governs the temperature of the surface layers of the water, the wind direction, the intensity of storms, and moisture over the Atlantic and surrounding continents.
The Aleutian Low Pressure Index, the ALPI, reflects long-term changes of the area of low atmospheric pressure over the North Pacific (million km 2 ) , being one of the major climactic indicators of the region. The ALPI dynamics shows a close km, an area of about 16.4 thousand sq. km. The width of the lake reaches 9-19 km in the eastern part and up to 74 km in the west. The coastline is 2,385 km [23] . The rivers feeding the Balkhash Lake originate from the mountains of Tien Shan in glacier areas. The lake has no outlet.
Fig. 1. Location of Balkhash Lake
During the period from 1929 to 2012, the water level of the lake ranged from 340.70 to 342.99 m abs. Mineralization of the water ranged from 0.5-1.0 g/dm 3 in the western part to 4.6-5.8 g/dm 3 in the east [20] . Long-term average (1929-2012) salinity value for the entire lake was 2.70 ± 0.04 g/dm 3 . The Balkhash Lake is situated in the arid zone, where sudden changes in air temperature in different seasons and during the day are usual [37] . The average January temperature is about -14°C. In July, the air is heated to 30°C and above. It has been revealed that there is a statistically significant rising trend of air temperature in the region of the lake over the period from 1938 to 2005 [22] . Warming in the region of the Balkhash Lake is accompanied by increases in moisture. We identified statistically significant positive correlations between the amount of precipitation and the long-term dynamics of minimum (R = 0.450; p <0.05) and average daily air temperatures (R = 0.350; p <0.05).
Time series
To analyze the impact of global climatic factors on abiotic and biotic indicators, the time series were composed [1; 20; 22; 23; 37; 41; 43; 44; 45; 53] . Time series on quantitative indicators of phytoplankton, zooplankton and zoobenthos are based on samples treated with standard methods [18] . Sampling of phytoplankton, zooplankton and zoobenthos in the Balkhash Lake during specified time intervals was carried out in summer (July) with a grid of 40-60 stations, covering the entire area of the pond. Data on climate indices are taken from the websites [49] [50] [51] [52] . 
Statistical analysis
Correspondence between distribution of empirical data and the norm was tested by using Chi-square [28] . To smooth the data, we used a sliding averaging in steps of 5 years. Pearson and Spearman correlation coefficients were found at the significance level of p <0.001 -0.05. To identify the main trends in long-term variability of abiotic and biotic parameters, difference-integral (cumulative) curves were composed [36] . In order to do so, we found the average annual value of each indicator, the deviation of each term in the series from the average value, and further, the accumulated amount of deviations. Statistical processing of data was performed using Excel and Statistica 6 [8] .
Results

General characteristics of phytoplankton, zooplankton and macrozoobenthos of Balkhash Lake
Communities of phytoplankton, zooplankton and macrozoobenthos of the Balkhash Lake are presented mainly by eurybiontic views. They endure relatively large amplitude of fluctuations of external factors. During the study period , the diversity of phytoplankton of the Balkhash Lake varied from 82 to 217 species [22] . Average annual phytoplankton biomass was 0.94 ± 0.07 g/m 3 . The index value, with regard to years, ranged from 0.17 to 1.86 g/m 3 . Large diatoms were often dominant. Sub-dominant were small forms of the blue-green.
We identified 312 species of zooplankton [1; 20] . Average annual number of planktonic invertebrates was 58.6 ± 3.8 thousand specimens/m 3 with biomass measuring 1.47 ± 0.095 g/m 3 . During the observed years, average zooplankton abundance in the lake ranged from 19.2-124.3 thousand specimens/m 3 . Zooplankton biomass varied from 0.50 to 3.14 g/m 3 . The dominant crustaceans were as follow: Arctodiaptomus salinus Daday, Mesocyclops leuckarti (Claus), Thermocyclops crassus (Fischer), and Diaphanosoma lacustris Korinek.
Zoobenthos is represented by indigenous and acclimatized species of worms, mollusks, and arthropods. Diversity of the benthic community changed during the year of studies from 91 to 98 species [22] . Average annual biomass of macrozoobenthos over the period from 1939 to 2012 was 8. 
Long-term dynamics of phytoplankton, zooplankton and macrozoobenthos in the Balkhash Lake
The rising trend of quantitative indicators of zooplankton and macrozoobenthos has been observed in the studied period. Phytoplankton biomass increased from 1972 to 1995 and was followed by a sharp decrease in the values, and later by a smooth rise.
The relationship between long-term dynamics of biomass of phytoplankton and zooplankton, of zooplankton and zoobenthos of the Balkhash Lake were statistically insignificant. Benthic community's biomass varied in an anti-phase to the variability of plankton communities (Fig. 2) . A statistically significant negative relationship between phytoplankton biomass and zoobenthos has been established (R = -0.459, p <0.003).
When sliding averaging of the data and the time shift of 6 years were applied to data, a good correlation between the behavior of the curves of phytoplankton and zooplankton biomass was observed (Fig. 2) . Mutually opposite, coordinated movement of the curves of phytoplankton and macrozoobenthos's biomasses were observed to happen without time shift. Inter-annual variations of total quantitative parameters of phytoplankton and zooplankton occurred against the backdrop of a constant composition of the dominant species. Since 1996, a sharp increase in biomass of the benthic community took place due to the increased share of Monodacna colorata clam. 
The effects of global climate indicators on longstanding variability of planktonic and benthic communities of the Balkhash Lake
Source data of quantitative indicators of biotic communities were characterized by prominent inter-annual variability. As shown in our previous studies [Krupa et al 2013] , the best approximation of the distribution of the analyzed here data towards their normal comes from sliding averaging, and not from logarithms. When sliding averaging is applied to the data, the range of the statistically significant correlation coefficient values between quantitative indices of phytoplankton, zooplankton, macrozoobenthos of the Balkhash Lake and global climate indices was obtained ( Table 2) . Of all communities, phytoplankton showed the greatest coordination with the progress of index values of the DJFM NAO calculated for the winter months (Fig.  3) . The correlation between the dynamics of phytoplankton biomass and the average annual values of the index (Annual NAO) was also positive, but statistically insignificant. The statistically insignificant negative relationship between the dynamics of phytoplankton biomass and the index ALPI, and the global air temperature anomalies, was found. For about 7 years (1976-1983) , the dynamics of phytoplankton biomass varied synchronously with the dynamics of the ALPI (Fig.  4A) . In subsequent years, the development of these indicators occurred in the anti-phase. With the positive temperature trend of Global dT, phytoplankton biomass of the Balkhash Lake was significantly higher in the period before the mid-90s of the last century than in subsequent years ( Fig. 4B) . However, the dynamics of phytoplankton biomass in each of these two periods (1972-1995 and 1996-2012) The dynamics of quantitative parameters of zooplankton for half a century were characterized by a rising trend, which resulted in higher values of the correlation with the progress of the curve of global temperature anomalies (Global dT), which also had a rising trend (Fig. 7) . Against the background of a relatively smooth increase of the temperature curve, abundance and biomass of zooplankton varied cyclically for about 8-10 years.
А B Fig. 6 . Long-term dynamics of abundance (A) and biomass (B) of zooplankton of the Balkhash Lake in relation to the ALPI Unlike planktonic communities, the long-term dynamics of macrozoobenthos varied in the anti-phase with the dynamics of the NAO (Fig. 8) . In 1967-1996, against the backdrop of prominent fluctuations of the NAO, the macrozoobenthos biomass value varied only slightly, from 2.6 to 4. The connection between the long-term dynamics of macrozoobenthos and the average annual values of the ALPI (Fig. 9 A) was statistically insignificant. 1929  1936  1943  1950  1957  1964  1971  1978  1985  1992  1999  2006 Macrozoobentos Biomass, g/m 2 Global dT, ºC dT Global Macrozoobentos Biomass A positive, statistically relevant correlation was found between the inter-annual variability of the benthic community and global temperature anomalies (Table 2 , Fig. 9B ). It should be noted that, given the rising temperature trend, the biomass of benthic invertebrates began to increase only in the late 1990s.
Effect of regional abiotic factors on phytoplankton, zooplankton and macrozoobenthos of the Balkhash Lake
We investigated the influence of regional abiotic factors on long-term variability of the Balkhash biotic communities. The relationship between the long-term dynamics of the biomass of all communities and such abiotic factors as maximum, minimum, annual average temperature, precipitation registered on m. Balkhash, and the amount of precipitation for the entire area of the lake, proved to be statistically insignificant. There were statistically significant relationships between: the long-term dynamics of phytoplankton, zooplankton and zoobenthos of the Balkhash Lake and the water level, and water mineralization, and the volume of glacial runoff, and iced area of the Jungar Alatau (Table 3) . Statistically significant correlation coefficients for plankton communities and macrozoobenthos were opposite. N -the number of terms in the row, R -Spearman coefficients of rank correlation, p-level-level of significance * According to: [22] . In Italics are statistically significant correlation coefficients
Analysis of the relationship between global climate indices and regional abiotic data
Glaciers are indicators of global climate change. Shrinking of mountain glaciers is happening everywhere, including the Jungar Alatau glaciers [45] . Analysis of the data revealed a close linear negative relationship of the glaciation of Jungar Alatau area with the course of Global dT (Table 3) . Most of the analyzed data also showed the presence of a positive (air temperature registered on m. 'Balkhash') and negative, statistically significant, relationship with the dynamics of Global dT. However, air temperature registered on m. 'Balkhash' was largely determined not by the course of Global dT, but by the dynamics of the ALPI. The relationship between the level of the Balkhash Lake and Global dT was statistically insignificant.
There were statistically significant negative relationships between the dynamics of the NAO and such regional hydrological climatic parameters as the amount of precipitation on the waters of the Balkhash Lake, surface water flow and water level of the lake, the area of glaciation of Jungar Alatau, and the volume of glacial runoff; also, a positive relationship between the dynamics of the NAO and water salinity the Balkhash Lake (Table 4 ) was determined. The NAO and the ALPI are not correlated with each other. However, correlation between the above hydrological and climatic parameters and the ALPI similar in orientation is low, although more often, weaker ties were traced. 
Discussion
The long-term dynamics of zooplankton of the Balkhash Lake was characterized by a pronounced uptrend. Between quantitative parameters of zooplankton and the progress of Global dT, relatively high coefficients of correlation were revealed. However, global warming, defining the positive trend in the dynamics of zooplankton, does not explain the short-period cyclical fluctuations of the zooplankton quantitative parameters. The latter we associate with cyclical fluctuations of the NAO, as evidenced by statistically significant positive values of the correlation coefficient. Similar in its pattern, the relationship between the NAO and the long-term dynamics of zooplankton was registered in the Aral Sea [34] , in the Gulf of Maine, the northeast Atlantic and North Sea [35] . In the eastern part of the northeastern Pacific, periods of peak value of zooplankton shifted parallel to Global dT [26] . However, a maximum of zooplankton biomass in the entire northeastern Pacific was marked in the middle of a cooling -in 1960-1970 [42] .
In the long-term dynamics of phytoplankton of the Balkhash Lake there are two clearly distinguished intervals -1972-1995 and 1996-2012. They are divided by a sharp decrease in phytoplankton biomass at the intersection of these intervals. The average annual phytoplankton biomass for 1972-1995 (1.09 ± 0.09 g/m 3 ) was statistically higher than in subsequent decades (0.73 ± 0.09 g/m 3 ). We attribute this to the influence of the bivalve Monodacna colorata, feeding on protozoa, organic matter, bacteria, phytoplankton [2] . Between the long-term dynamics of phytoplankton of the Balkhash Lake and Global dT there was no relationship. At the same time, within the chosen time periods (1972-1995 and 1996-2012) , the dynamics of phytoplankton was marked having rising trends, which apparently can also be linked with the ongoing warming. In the paper by Goberville et al [13] , it is shown that the effect of key climate indices (North Atlantic Oscillation, the Atlantic Multidecadal Oscillation, the East Atlantic pattern and Northern Hemisphere Temperature anomalies) on plankton communities of the northeast Atlantic and the North Sea comes exactly through changes in temperature conditions.
The effect of any abiotic factors occurs against the backdrop of biotic interactions. Zooplankton exerts a major influence on phytoplankton [31] , and is consumed by larger fish and invertebrates. However, the relationship between long-term and spatial dynamics of zooplankton and phytoplankton is not always observed.
The long-term dynamics of phytoplankton and zooplankton of the Balkhash Lake shared the same direction, with a six-year shift in the variability of one community over another. This shows, first, a weak controlling force of zooplankton over phytoplankton, and second, the impact of a common external factor, which is obviously the NAO. We noted a statistically significant positive relationship between the long-term dynamics of phytoplankton and the DJFM NAO. So far, the North Atlantic Oscillation had a pronounced effect on phytoplankton, which was evaluated for different parts of the Atlantic Ocean [6; 48] . The phytoplankton diversity in the lakes is impacted by the temperature and decreases with increasing water salinity [5] as a result of periodical amplification of aridity factors in Central Asia.
The sharp increase in biomass of benthic invertebrates of the Balkhash Lake has been revealed since 1996, when the bivalve Monodacna colorata started to dominate the macrozoobenthos. This species was acclimatized in 1965, but until the mid-90s its population was represented primarily by small-sized species. Reduction of commercial stock of benthophagous fish and dominance of small-sized species in their populations [17] resulted in the weakening of the pressure on Monodacna exerted by the fish. As a result of benthic fish underutilizing the mollusk Monodacna colorata, during 1996-2012, total benthos biomass (17.50 ± 3.37 g/m 2 ) is on average four times higher than for the previous decades (3.53 ± 0.26 g/m 2 ). Changes in the structure of benthic communities were also confirmed by an increase in the average weight of individuals (average biomass to average abundance ratio). The value of the average mass of an individual in the macrozoobenthos increased by 2.7-4.4 mg/ind. in the period before 1996, to 15.6-36.3 mg/ind. in the coming decades.
The growth of macrozoobenthos' biomass correlated with the course of Global dT, characterized by the rising trend, and was in the anti-phase to the dynamics of the DJFM NAO. When comparing the progress of cumulative curves (Fig. 10) , it is evident that the delay in the response of the benthos to the climate variability reaches 20 years and more. Apparently, the influence of climatic factors on the long-term dynamics of benthic community is strongly veiled due to the described above biotic interactions. The effect of global climate fluctuations on the biota of the Balkhash Lake is manifested primarily through the changes in regional abiotic factors. The analysis of the dependency showed that the increase of the Global dT was accompanied by the rise of air temperatures in the region, the reduction of the area of mountain glaciers; by the reduction of precipitation falling on the water area of the lake, of inflow of surface water, and of the volume of glacial runoff (Table 4) . Against the background of global and regional climate warming, there was a less prominent trend of increasing precipitation registered on m. 'Balkhash' (R = 0.321, p <0.05).
The pattern of variability of global and regional parameters should be noted. The Jungar Alatau area of glaciation, the volume of glacial runoff, surface water flow in the lake, the amount of precipitation for the entire area of the lake, all have a featured linear decreasing trend. Air temperature and rainfall for m. 'Balkhash', as 'Balkhash', the volume of glacial runoff, amount of precipitation on the lake surface, volume of inflow of river water, water level, the NAO and the ALPI) were more or less characterized by a cyclic pattern, expressed against the background of rising or falling trends. The identified relationship of regional indicators with Global dT (which has a linear increasing trend) and also with the NAO index and ALPI (which change cyclically) reflects the dual nature of variability (trend and cyclical fluctuations) of analyzed regional indicators.
There is also the problem such as the length of the time series. The shortest row of data (44 years) is available for the area of the Jungar Alatau mountain glaciers. At this point in time linear shrinkage of glaciers occurred against the backdrop of cyclical changes and rising trend of the NAO. This led to the negative correlation between these parameters. On a longer time interval (1929-2012) there was no trend in the NAO index. Therefore, if longer time series were analyzed, the nature of the relationship between the NAO and the area of mountain glaciers probably would have been different.
Regional factors listed above, depending on the Global dT and NAO indices and/or ALPI, influenced the dynamics of the lake level, as evidenced by the statistically significant correlation coefficients.
Cyclical fluctuations in the Balkhash Lake, which occur due to the variability of the total moisture in the basin, were shown earlier by A.V. Shnitnikov [41] . Fluctuations in the level of the lake in 1910-1968 were strongly connected with the amount of annual precipitation within a 1-year time shift. Cyclic variability of runoff flowing into the Balkhash Lake did not coincide with the cyclical changes in the lake level. An increase or decrease of the lake level was accompanied by 1-2 shallow-water and 1-2 high-water periods, in various combinations and in varying duration. As a confirmation of these findings came well-aligned progress of cumulative curves, characterizing the long-term variability of the water level of Balkhash, depending on the variability of atmospheric precipitation on the lake surface (Fig. 13B ). Level changes depending on the dynamics of the total runoff were somewhat delayed (Fig. 13A) .
Contrary to predictions, with the cyclic changes in the water level of the Balkhash Lake for the period 1929-2012, the level was characterized by a slight uptrend. It should also be emphasized that the consecutive cycle of rising of the lake level, which began at the end of the last century, came against the backdrop of the rapid increase in global warming (Fig. 11 A) and a more gradual increase in regional temperatures [22] . In the absence of correlation for the whole analyzed period , the correlation coefficient between the level of Balkhash and Global dT progress over the past decades It is obvious that, influenced by regional factors listed above, being dependent upon global temperatures, the long-term dynamics in the level of the Balkhash Lake are largely determined by fluctuations of the NAO (Fig. 11B) , also changing in cycles. In Europe, the positive values of the SAC lead to stronger westerlies, which bring warming and rainfall, cooler summers and mild winters [15] . The way NAO influences the level of the inland Balkhash Lake is obviously more complicated. Connection between the precipitation registered on m. 'Balkhash' and the NAO was contradictory (Fig. 12) . Approximately 50% of the increase in the total amount of precipitation on the waters of the lake occurred during periods of the declining NAO (Table 4) , i.e. in contrast to Europe, in colder years. During these colder years, the surface water inflow of the lake increased. Our results correspond with those of L.B. Klyashtorin and A.A. Lyubushin [19] . On the basis of the analysis of the relationship between the volume of the Balkhash Lake and the dynamics of Atmospheric Circulation Index, the conclusion that the periodic increase in the lake volume occurs during periods of cold weather, which is attributable to a period of increasing longitudinal aspect of the index, was drawn.
Dynamics of the level of the Balkhash Lake, as an integral characteristic of fluctuations of the climatic conditions of the region, in turn, is largely determined by the long-term dynamics of biological communities. A negative relationship between the water level of the lake and biomass of plankton communities is due, in our view, to the dynamics of biogenic elements. Climatic characteristics of the region usually ensure the low concentrations of biogenic elements in the water bodies of Kazakhstan [32] . We had previously shown that when the amount of biogenic elements accumulated in the reservoir are smaller than the amount coming from the water catchment area, there is a direct connection between the flatland lakes and quantities of zooplankton [20] . For glacier-fed reservoirs this relationship is reversed, because in wet years the river water with poor nutritional compounds diluted the lake. Obviously, the same is true for the Balkhash Lake, with glacier-fed rivers flowing into it. This is implied by the above mentioned, there was a statistically significant correlation between the volume of glacial runoff and the biomass of phytoplankton and zooplankton.
We should also pay attention to the link between the biomass of plankton communities and the water salinity of the Balkhash Lake. Its impact on the biota goes in different directions. Increases in zooplankton biomass along with growth of salinity were caused by the increased dominance of the euryhaline copepods Arctodiaptomus salinus [20] , having a larger body size, compared with other species. However, in the eastern, the most mineralized part of the Balkhash Lake, an increase in average salinity led to changes in the chemical composition of the water and to the shift of ions ratio K + /Na + in an unfavorable direction [21] . The most prominent decrease in zooplankton biomass in the eastern, mineralized part of the lake (and thereby also for the whole lake) occurs when the average salinity of the lake exceeds 2.9 g/dm 3 . Evidently, with a significant increase in water salinity, the relationship between biota and this parameter will be non-linear. More of them, species diversity is decreased in the others lakes of Kazakhstan, which are under arid climatic factors impact that correlated with increases in water salinity. A similar tendency had been found not only in the studied area's lakes but also in more arid climatic zones such as Israel [5] . Therefore, it can be concluded that salinity as a major climatic-related factor influenced arid zone lakes ecosystems [3] [4] [5] and has an historical role in the water chemistry of the lakes, which in turn is a function of periodic drying.
Conclusions
Phytoplankton, zooplankton and macrozoobenthos of the Balkhash Lake were mainly represented by eurybiontic species, well adapted to variations in temperature and salinity. Long-term variability of zooplankton biomass and macrozoobenthos is characterized by rising trends. Phytoplankton biomass in 1972-1995 was considerably higher when compared with subsequent decades (1996) (1997) (1998) (1999) (2000) (2001) (2002) (2003) (2004) (2005) (2006) (2007) (2008) (2009) (2010) (2011) (2012) . Variability of phytoplankton biomass within each of these periods was also characterized by a rising trend. On the background of linear trends, certain cyclicity in the variability of phytoplankton biomass and zooplankton was discernible.
A complex of interrelated abiotic factors influenced the long-term dynamics of biotic communities. Phytoplankton, zooplankton and macrozoobenthos communities showed varying degrees of coordination with long-term dynamics of global climate indices (dT, NAO, ALPI). We associate the presence of rising trends in the dynamics of communities with the ongoing climate warming. Inter-annual cyclic variability of phytoplankton and zooplankton were largely coordinated with the index NAO, which changes in cycles. The sharp increase in biomass of macrozoobenthos in recent decades occurred due to the clam Monodacna colorata, and we associate this with the weakening of the pressure by benthic fish. Increasing numbers of these filtrators in the benthic community caused a simultaneous sharp decline in phytoplankton biomass.
Global climate indicators influence the inter-annual variability of biotic communities of the Balkhash Lake through changes in regional climate and hydrological and chemical factors. As well as biotic communities, most of the analyzed abiotic indicators varied in cyclical patterns against the background of rising or falling trends. Periodical drying, as one of the main factors of increasing salinity in lakes [3; 5] , leads to decreases in the phytoplankton diversity and is one of the major factors which correlated with climatic cyclicity. Relationships of the regional indicators with the Global dT, which has a linear increasing trend, and with NAO and ALPI that change cyclically, reflect the dual nature of the variability of the analyzed parameters.
The water level of the inland, drainless Balkhash Lake is an integral indicator of climatic conditions of the region. The main influence on the level of the lake comes from cyclic changes of moisture in the region, due to the fluctuations of the NAO, happening along with global warming. We revealed the statistically significant correlation between the water level of the Balkhash Lake and the long-term dynamics of phytoplankton, zooplankton and zoobenthos. The hydrological regime of the lake influences the biotic community through changes in water salinity and the amount of biogenic elements.
